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Experimental 

Crystal data 

[Fe 2 (C 14 H 10 NS 2 ) 2 (CO) 6 ] 
M, = 792.46 
Orthorhombic, Pbca 
a = 12.8288 (14) A 
b = 16.8812 (17) A 
c = 31.089 (3) A 

Data collection 

Bruker SMART CCD 
dif fractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 1997) 
Tan = 0.703, r mttx = 0.887 

Refinement 

R[F 2 > 2a(F 2 )} = 0.043 

wR(F 2 ) = 0.107 

S = 1.01 

6606 reflections 



V = 6732.8 (12) A 3 
Z = 8 

Mo Ka radiation 
ii = 1.16 mm -1 
T = 273 K 

0.33 x 0.29 x 0.11 mm 



36569 measured reflections 
6606 independent reflections 
4253 reflections with / > 2a(l) 
R in . = 0.063 



433 parameters 

H-atom parameters constrained 
A/w = 0.36 e A~ 3 
A,o min = -0.30 e A -3 



Key indicators: single-crystal X-ray study; T = 273 K; mean rj(C-C) = 0.005 A; 
R factor = 0.043; wR factor = 0.107; data-to-parameter ratio = 15.3. 

The title compound, [Fe 2 (Ci4H 10 NS2)2(CO)6], was synthesized 
as a structural and biochemical model for the active site of 
[FeFe]-hydrogenase. The bond lengths (Fe— Fe, Fe— S and 
Fe— C) and angles (C— Fe— Fe and Fe— S— Fe) are within 
expected ranges. The S- ■ S distance [2.9069 (12) A] and the 
dihedral angle between two Fe— S— Fe planes [78.5 (3)°] of 
the butterfly-shaped Fe 2 S 2 core are enlarged compared with 
related bridged dithiolate diiron analogues. The calculated 4- 
benzothiazolebenzyl best planes are almost parallel [dihedral 
angle = 3.7 (7)°]. 



Table 1 

Selected geometric parameters (A, °). 



Fe2- 


-S2 


2.2530 (9) 


Fel 


-S2 


2.2529 (10) 


Fe2- 


-SI 


2.2704 (10) 


Fel- 


-SI 


2.2638 (10) 


Fe2- 


-Fel 


2.5198 (7) 








C6- 


-Fe2-Fel 


150.35 (14) 


Fel 


-S2-Fe2 


68.00 (3) 


Cl- 


-Fel-Fe2 


150.49 (11) 


Fel- 


-Sl-Fe2 


67.52 (3) 



Data collection: SMART (Bruker, 1997); cell refinement: SAINT- 
Plus (Bruker, 2001); data reduction: SAINT-Plus; program(s) used to 
solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to 
refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL. 



Related literature 

For general background to [FeFe] hydrogenases, see: 
Cammack (1999); Evans & Pickett (2003); Peters et al. (1998); 
Nicolet et al. (1999); Si et al. (2008). For related structures and 
comparative geometric data, see: Tard & Pickett (2009). For 
the ligand synthesis, see: Palmer et al. (1971); Yoshino et al. 
(1986). 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: VM2158). 
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Bis{//-[4-(1,3-benzothiazol-2-yl)phenyl]methanethiolato-A: 4 S,S f :S r S f }bis[tri- 
carbonyliron(l)](Fe — fe) 

Shang Gao, Da-yong Jiang, Qing-cheng Liang and Qian Duan 
Comment 

The [FeFe] hydrogenases ([FeFe]Hases) are enzymes which can catalyze the reversible interconversion of protons to 
molecular hydrogen in nature (Cammack, 1999; Evans & Pickett, 2003). X-ray crystallography elucidated the active site 
of [FeFe]Hases (so-called H-cluster) as a 2Fe2S butterfly moiety in which a three-atom linker ( — CH 2 XCH 2 — , X= CH 2 , 
NH or NH 2 + ) bridged between the two S atoms (Peters et ah, 1998; Nicolet et al, 1999). However, current research 
suggests that diiron complexes with non-bridged thiolate can also act as model for the H-cluster of [FeFe]Hases (Si et al, 
2008). We have synthesized the title compound as a structural model for the diiron subunit of the H-cluster. Herein we 
report its crystal structure. The title compound has a 2Fe2S core of butterfly conformation, and the Fe — Fe distance 
[2.5198 (7) A] is within the expected range (Tard & Pickett, 2009). The two 4-benzothiazolebenzyl moieties reside in the 
conformation with the least steric hindrance in the molecule. As a result, the CI — Fel — Fe2 [150.49 (11)°] angle and the 
C6— Fe2— Fel [150.35 (14)°] angle are almost equal. It is noteworthy that the length of S1-S2 [2.9069 (12) A] and the 
dihedral angle between the planes defined by Fel — SI — Fe2 and Fel — S2 — Fe2 [78.5 (3)°] are somewhat enlarged as 
compared with previously reported models with bridged dithiolate ligands (Tard & Pickett, 2009). The atoms of the 4- 
benzothiazolebenzyl moieties are almost coplanar with r.m.s. deviations of 0.067 1 A and 0. 1 1 1 5 A respectively, and the 
dihedral angle between the two planes is 3.7 (7)°. Selected bond distances and angles are summarized in Table 1, and an 
ORTEP representation of the title compound is shown in Fig. 1. 

Experimental 

The starting material 2-(4-bromomethylphenyl)-benzothiazole was prepared in 43% yield from 4-methylbenzonic acid 
and 2-aminophenthiol according to the literature procedure (Palmer et al, 1971; Yoshino et al, 1986). Super hydride 
LiEt 3 BH (1 Msolution in THF, 8 ml, 8 mmol) was dropped into a degassed solution of («-S 2 )Fe 2 (CO)6 (1.38 g, 4 mmol) 
in dry THF (30 ml) by syringe at 195 K over 30 min. The mixture changed to dark emerald green. 2-(4-bromomethyl- 
phenyl)-benzothiazole (2.42 g, 4 mmol) was added to above solution, causing an immediate change in color to red. The 
reaction mixture was stirred for 2 h at 195 K, and an additional 1 h at room temperature. The solvent was removed on a 
rotary evaporator. The crude product was purified by column chromatography with silica by using CH 2 Cl 2 /hexane (1:10) 
as the eluent to give the title compound as a red solid (2.62 g, 85%). A single crystal suitable for X-ray study was 
obtained by slow evaporation of CH 2 Cl 2 /hexane (5:1, v/v) solution at room temperature. 

Refinement 

Positional parameters of all the H atoms were calculated geometrically and were allowed to ride on the C atoms to which 
they are bonded, riding with C— H = 0.93 A (aromatic) and 0.97 A (methylene), with t/ iso (H) = 1.2t/ eq (C). 
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Computing details 

Data collection: SMART (Bruker, 1997); cell refinement: SAINT-Plus (Bruker, 2001); data reduction: SAINT-Plus 
(Bruker, 2001); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: 
SHELXL97 (Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL (Sheldrick, 2008). 



C17C16 




Figure 1 

The molecular structure of the title compound, with displacement ellipsoids drawn at 30% probability level. 
Bis{^-[4-(1,3-benzothiazol-2-yl)phenyl]methanethiolato- k*S,S':S,S'} bis[tricarbonyliron(l)](Fe — Fe) 



Crystal data 

[Fe 2 (C 14 H 10 NS 2 ) 2 (CO) 6 ] 
M r = 792.46 
Orfhorhombic, Pbca 
Hall symbol: -P 2ac 2ab 
a = 12.8288 (14) A 
6= 16.8812 (17) A 
c = 31.089 (3) A 
V= 6732.8 (12) A 3 
Z=8 



F(000) = 3216 

D x = 1.564 Mgnr 3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 4686 reflections 

(9 = 2.4-23.0° 

fi = 1.16 mm -1 

7=273 K 

Block, red 

0.33 x 0.29 x 0.11 mm 



Data collection 

Bruker SMART CCD 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
<p and at scans 

Absorption correction: multi-scan 

(SADABS; Bruker, 1997) 
r min = 0.703, T max = 0.887 



36569 measured reflections 
6606 independent reflections 
4253 reflections with I> 2o<7) 
R mt = 0.063 

#max = 26.0°, 6?min = 2.1° 

/j = -15->15 
k= -20^20 
/ = -38^38 
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Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F > laiF 1 )] = 0.043 
wR(F 2 ) = 0.107 
S = 1.01 

6606 reflections 
433 parameters 



0 restraints 

H-atom parameters constrained 
w=l/[o 2 (F o 2 ) + (0.05nP) 2 ] 

where P = (F 2 + 2F 2 )/3 
(A/(7) max < 0.001 
A/w = 0.36 e A~ 3 
A Pmm = -0.30 e A" 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F 1 against ALL reflections. The weighted 7?-factor wR and goodness of fit S are based on F 2 , 
conventional ^-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > a{F 2 ) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement, ^-factors based on F 2 
are statistically about twice as large as those based on F, and 7?-factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 




Fe2 


0.41571 (4) 


0.11737 (3) 


0.195948 (15) 


0.04572 (15) 


Fel 


0.45475 (4) 


0.25060 (3) 


0.163154(14) 


0.04442 (14) 


S2 


0.29985 (6) 


0.18857 (5) 


0.15759 (3) 


0.0448 (2) 


S4 


-0.24312(6) 


0.36861 (5) 


0.08716 (3) 


0.0524 (2) 


SI 


0.50722 (7) 


0.13427 (5) 


0.13412(3) 


0.0504 (2) 


S3 


0.31365 (8) 


0.35719 (6) 


-0.07790 (3) 


0.0672 (3) 


N2 


-0.08397 (19) 


0.44143 (15) 


0.05458 (9) 


0.0436 (6) 


Nl 


0.5187 (2) 


0.35694 (16) 


-0.07125 (9) 


0.0529 (7) 


01 


0.4457 (2) 


0.36163 (16) 


0.09040 (8) 


0.0749 (8) 


05 


0.3230 (2) 


0.16903 (17) 


0.27661 (8) 


0.0726 (8) 


C34 


-0.1709(2) 


0.46479 (18) 


0.03111 (10) 


0.0418 (7) 


C26 


0.0706 (3) 


0.3589 (2) 


0.10309 (12) 


0.0586(10) 


H26A 


0.0918 


0.3901 


0.0800 


0.070* 


C10 


0.3359(3) 


0.2510(2) 


0.00364 (10) 


0.0511 (9) 


H10A 


0.2727 


0.2715 


-0.0058 


0.061* 


Cll 


0.4281 (3) 


0.2747 (2) 


-0.01612(10) 


0.0455 (8) 


C7 


0.4314(3) 


0.1043 (2) 


0.08637 (10) 


0.0542 (9) 


H7A 


0.4605 


0.0556 


0.0749 


0.065* 


H7B 


0.3602 


0.0934 


0.0950 


0.065* 


C25 


-0.0334 (2) 


0.35275 (18) 


0.11261 (10) 


0.0423 (8) 


C22 


0.1166 (2) 


0.27463 (19) 


0.16205 (10) 


0.0440 (8) 


C18 


0.5292 (6) 


0.4863 (3) 


-0.16317(16) 


0.1007 (18) 


H18A 


0.5783 


0.5118 


-0.1803 


0.121* 


C32 


-0.2597 (3) 


0.5322 (2) 


-0.02509 (11) 


0.0530 (9) 


H32A 


-0.2593 


0.5663 


-0.0486 


0.064* 


C30 


-0.3571 (3) 


0.4472 (2) 


0.02233 (12) 


0.0560 (9) 


H30A 


-0.4197 


0.4244 


0.0309 


0.067* 


C29 


-0.2650 (2) 


0.43106 (18) 


0.04393 (10) 


0.0437 (8) 


03 


0.3866 (3) 


0.35598 (18) 


0.23209 (10) 


0.0979(11) 
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C28 


a 1 1 ao /o\ 
— (J.l 102 (2) 




A Tfll f\c\ r i o\ 

0.59109 (lo) 


A AO/IOC /1 A\ 

0.0o425 (10) 


A A/1 OO ZO\ 

0.0422 (5) 




C13 


A OTC ZO\ 

0.5225 (3) 




A 1 AAI ZO\ 

0.1905 (2) 


A A1 1 A 1 /I 1 \ 

0.05241 (11) 


A AC C 1 /A\ 

0.0551 (9) 




TT1 T » 

H13A 


0.5857 




A 1 TAI 

0.1702 


a A/in 

0.0422 


0.066* 




C24 


A A£ 1 £ /"3\ 

—0.0616 (3) 




A TA/^A ZO\ 

0.3060 (2) 


0.146/6 (12) 


A A££0 /I 1 \ 

0.0668 (11) 




TJ O 1 A 

Hz4A 


n nig 
— U. 13 1 o 




A 1AA 1 

U.3UU1 


a i n c 
0.1555 


A AO A* 




C14 


A A TOA /I \ 

0.4290 (3) 




0.3255 (2) 


A AO C1 / 1 AA 

—0.05551 (10) 


A A A AC /AA 

0.0495 (9) 




C33 


A 1 /"O C /O \ 

-0.1685 (3) 




0.51657 (19) 


A AAO OA /1A\ 

-0.00389 (10) 


A A A O 1 ZO\ 

0.0481 (8) 




T TO 1 A 

H33A 


-0.1063 




0.5399 


-0.0126 


A A C O sfc 

0.058* 




C2 


U. js / 1 yi) 




U.2oyu (z) 


U.l /oiy (13) 


A A/^O / 1 1 \ 

U.063Z (11) 




C4 


U.5353 (3) 




A AO O A ZO\ 
U.U554 (2) 


AOOAC^I ^10\ 

U. 22054 (12) 


A A/TAC /1 AA 

0.0605 (10) 




C21 


U.1941 (3) 




A Tl 1 A 

U.231U (2) 


U. 18951 (11) 


A AC CO SC\\ 

0.0552 (9) 




TT1 i a 

H21A 


A 1 C 0"7 

U.lDB/ 




a i oon 


A O A/1 A 

U.2U49 


0.066^ 




T T1 1 D 

Hz lb 


A OT> 1 

0.2231 




0.2671 


A O 1 AZT 

0.2106 


0.066* 




/~10 

C5 


A A 1 OA 

U.412U (3) 




U.3152 (2) 


U.2U46 / (13) 


A (liTC /1 A\ 

U.U625 (1U) 




Cl 


A /I /I A 1 /O \ 

0.449 1 (3) 




A O 1 O "7 /ON 

0.3 1 87 (2) 


a i 1 on /io\ 

0.11812 (12) 


A ACO/" /A\ 

0.0526 (9) 




f\A 

U4 


a rn/; /o\ 

0.6126 (2) 




A A/CAAO /1 A\ 

0.06903 (19) 


A T54TOA /1 A\ 
U. 23580 (1U) 


A AAO 1 / 1 A\ 

0.0921 (10) 




Co 1 


a Tf'in /o\ 

— 0.3 j30 (3 ) 




A AC\HH /0\ 

0.49 / / (2) 


A A1 1 no ( } o\ 
— U.Uliyo (12) 


A AfO/f /I A^ 

O.U306 (10) 




H3 1A 


A -1 1 -J A 

— 0.4139 




A CAOI 

0.5095 


— U.0269 


a ma* 

0.0 /o^ 




C9 


0.3376 (3) 




/-\ -i r\^or\ /1 rv\ 

0.19729 (19) 


0.03703 (ll) 


/-\ Aril / 0 \ 

0.0513 (8) 




tua a 

H9A 


A Tl C /I 

0.2/54 




A 1 OO 1 

0. 1821 


A ACAA 

0.0500 


A A/TO * 

0.062^ 




to 


A A O AC /0\ 

U.430:) (3 ) 




a 1 /;c*7o /1 q\ 
U. 163 /8 (lo) 


A Af 1 C/Z ( 1 A\ 

O.Oj 1 JO (10) 


A A/1 A 0 /Q\ 

U.0442 (0) 




C15 


A O O /I A / /I \ 

0.3840 (4) 




A A 1 1 /" ZO\ 

0.4116 (2) 


A 1 1 Til 

-0.11322 (ll) 


A A/"AT /1 A\ 

0.0607 (10) 




C12 


A CO 1 £ /")\ 

0.5216 (3) 




A O A 1H /OA 

0.245 / (2) 


A AAATA H 1\ 

—0.000 /0 (11) 


A ACCO /A\ 

0.0552 (9) 




TJ 1 0 A 


A CQ/1 O 

0. j842 




A O COC 

0.2j95 


— U.U13 1 


a a/;/;* 
O.U66^ 




C5 


A O C AO /O \ 

0.3592 (3) 




A 1 A H £ /T\ 

0.1476 (2) 


A A C C A /1 0\ 

0.24554 (12) 


A AC O 1 /A\ 

0.0521 (9) 




pin 

ci9 


A ZtZ AH ( A\ 

0.564/ (4) 




C\ A AW £L ZO\ 

0.4416 (2) 


—0.13029 (15) 


A AO jC A / 1 A \ 

O.O06O (14) 




T T 1 f\ A 

H19A 


A jCI CO" 

0.635 / 




A A 1 /CC 

0.4365 


A 1 O A O 

— 0. 124o 


A 1 AO * 

0.105* 




/"<o a 

L20 


A A AAO / A \ 

0.490s (4) 




A /I AO O /1\ 

0.4033 (2) 


A 1A/101 /I T\ 

-0.10481 (13) 


0.0651 (11) 




Cl / 


0.42 / 1 (6) 




U.496 / (5) 


— u. i /2yy (14) 


O.Uo99 (16) 




T_T 1 H A 

HI /A 


A A AO A 
0.4054 




A COO/I 

0.5254 


A 1 A£0 

—0.1962 


A 1 AO* 

0.108* 




Co 


0.3551 (3) 




0.0222 (2) 


a 1 m n / 1 /i \ 
U. 19312 (14) 


A ATI 1 / 1 1 \ 

0.0/21 (11) 




C23 


A A 1 1 A /O \ 

0.0119 (3) 




A 0/""70 /ON 

0.2678 (2) 


0.17106 (11) 


AA/"CO /1 1\ 

0.0653 (11) 






A AAOI 




A T1£H 

U.zio / 


A 1 CIA 1 

U.1V41 


a mc* 
U.U /8 




D9 

vjz 


U.OOVO ^Z J 




A 9897 fy\ 
U.ZoZ / ^Z^ 


VJ. 1 07JJ ^ 1ZJ 


n 1 D7n (\ i\ 
u.iu/u v^zj 




06 


0.3127 (3) 




-0.0373 (2) 


0.19280(14) 


0.1274(14) 




C27 


0.1442 (3) 




0.3195 (2) 


0.12730 (12) 


0.0627 (10) 




H27A 


0.2142 




0.3236 


0.1198 


0.075* 




C16 


0.3491 (5) 




0.4594 (3) 


-0.14816(14) 


0.0909 (15) 




H16A 


0.2787 




0.4658 


-0.1543 


0.109* 




Atomic displacement parameters (A 2 ) 




U n 


IF 1 




U u 




IP 


Fe2 


0.0463 (3) 


0.0436 (3) 


0.0473 (3) 


0.0032 (2) 


-0.0052 (2) 


0.0097 (2) 


Fel 


0.0438 (3) 


0.0442 (3) 


0.0453 (3) 


-0.0008 (2) 


-0.0045 (2) 


0.0079 (2) 


S2 


0.0391 (4) 


0.0502 (5) 


0.0450 (5) 


0.0035 (4) 


-0.0039 (4) 


0.0069 (4) 


S4 


0.0335 (5) 


0.0582 (5) 


0.0654 (6) 


0.0032 (4) 


0.0053 (4) 


0.0145 (4) 


SI 


0.0468 (5) 


0.0548 (5) 


0.0497 (5) 


0.0115 (4) 


-0.0017 (4) 


0.0066 (4) 


S3 


0.0691 (7) 


0.0710(6) 


0.0615 (6) 


0.0076 (6) 


-0.0029 (5) 


0.0073 (5) 


N2 


0.0304 (14) 


0.0461 (15) 


0.0545 (17) 


0.0023 (12) 


-0.0031 (13) 


0.0029 (14) 
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XT1 


A A£0 /OA 

O.Ooz (Z) 


n f\A co /1 /A 
U.U453 (16) 


A AC 1/1/1 TA 
U.U514 (1 /) 


A AAO/1 /1 CA 
(15) 


A AAOO /1 ^A 

— 0.00 /o (1 !>) 


A AACA /1 A\ 
— U.UU5U (14) 


Pi1 

Ul 


A 1 A A /Ti 

0.104 (z) 


n ncn / 1 oa 
0.06/Z (1 /) 


A ACOO /1/:A 

0.05SZ (16) 


A AAO / 1 CA 

—0.0036 (15) 


A AACO /1 /CA 

— 0.003Z (lo) 


A AO AO / 1 A A 

O.OzO / (14) 


Ptc 

U5 


a aoi o / 1 a a 

o.o/Jz (iv) 


n nnn /oa 
0.090 (z) 


A AC/IC /1/^A 

0.0545 (16) 


A A 1 0 / / 1 /A 

0.0136 (16) 


A AAAO /1 /I A 
0.000Z (14) 


A AA1 A /1 CA 
0.0010 (15) 


PQ A 

C34 


0.030 / (15) 


n a/ioa /1 oa 
0.04Z0 (Is) 


A A/ITQ /1 AA 
0.04 /S (19) 


A AA/1 A /1 CA 

0.0040 (15) 


A AAOO /1 CA 

O.OOzz (lo) 


A AA/IO /1 CA 

—0.0049 (15) 


Czo 


A AOO /OA 

0.03V (z) 


n mo /oa 
0.U /z (Z) 


A A££ /OA 

U.U66 (Z) 


A AA 10 / 1 OA 

— O.OOlz (Is) 


A AAA 1 /1 OA 

— 0.0001 (lo) 


A AOO /OA 

0.0z9 (z) 


Pin 
CIO 


A A/1 1 A / 1 A A 

0.0430 (IV) 


n ncn /oa 
0.039 (2) 


A AC 1 /OA 

0.051 (Z) 


A AAO 1 / 1 OA 
0.00 /I (1 /) 


A AA A A / 1 OA 

—0.0040 (1 /) 


A AAAO /1 OA 

0.0003 (Is) 


Cll 


A A/1 A /OA 

0.044 (z) 


n n^i^ / 1 oa 
0.0516 (19) 


A A/1 AC /1 OA 

0.0405 (Is) 


A AAO/1 /1 /A 

0.0024 (16) 


A AA 1/1/1 £A 

—0.0014 (lo) 


A AAOO /1 /A 

—0.0032 (16) 


C / 


A A/CO /'OA 

O.Ooz (z ) 


n n^o /oa 
O.Ujz (z) 


A A/1 O /OA 

0.U49 (z) 


A AAO/1 /1 OA 

U.UU54 (Is) 


A AAO 0 /1 OA 

— O.OOzo (lo) 


A AA/^O /1 OA 

—0.0063 (1 /) 


r^o c 
Cz5 


A Allfl / 1 OA 

0.033V (lo) 


n a/ioo /1 oa 
0.04 /z (19) 


A A/1 CO /1 OA 

0.045s (19) 


A AAO 1 /1 CA 

U.UU31 (15) 


A AAO 1 /1 CA 

O.OOzl (ID) 


A AA1 O /1 /A 

0.001 / (16) 


Czz 


A A1 Ol /I OA 

0.0353 (15) 


n ncn 1 / 1 oa 
0.0501 (19) 


A A/1 O A / 1 AA 

0.0434 (19) 


A AA A O / 1 CA 

0.0043 (15) 


A AAO/C / 1 CA 

O.OOzo (10) 


A AAO A / 1 /A 

0.0030 (16) 


fin 

Clo 


A 1 71 //:a 

0.1/1 (6) 


n nci /oa 
0.03 / (3) 


n A"7/1 /QA 

0.0/4 (3) 


A AAO //1A 

—0.003 (4) 


A A 1 O //I A 

0.0 lo (4) 


A AAO /OA 

—0.003 (3) 


C32 


A A/1 £L /OA 

0.046 (z) 


n nco /oa 
0.05s (z) 


A nc/ /OA 

0.056 (z) 


A AAOO / 1 OA 

0.00 11 (Is) 


A AAOA /1 OA 

—0.003V (lo) 


A A 1 A 1 / 1 OA 
0.0101 (1 /) 


C30 


A AT AO / 1 OA 

0.0302 (lo) 


n a/a /oa 
0.060 (z) 


A A"70 /QA 

0.0 / / (3) 


A AA1 A /1 OA 
0.0014 (1 /) 


A AA 1 O /1 OA 

— 0.001V (lo) 


A AA/ /OA 
0.006 (z) 


pin 

C29 


A A1 TO /I OA 

0.0335 (15) 


n n/i 1 / /1 oa 
0.0416 (Is) 


n nc/ /oa 
0.056 (z) 


A AACO /1 CA 

0.0059 (15) 


A AAOl /1 £A 

0.00Z3 (16) 


A AAOO /1 CA 

O.OOzz (15) 


U3 


A 1 A £ /O A 

0.146 (3) 


n noo /i / 1 n\ 
0.0 /z4 (19) 


n mc /oa 
0.0/5 (Z) 


A AAA /OA 

0.000 (2) 


A A 1 O /OA 

0.01 / (z) 


A A 1 1 1 / 1 OA 

—0.01 1 1(1/) 


pic 

C28 


A A1 1 A /1 OA 

0.031V (1 /) 


n dni /i o\ 
0.04Z4 (Is) 


n nco /oa 
0.05z (z) 


A AAO A 1 1 CA 

0.0024 (15) 


A AA 1 C / 1 CA 

0.0010 (lo) 


A AAAO / 1 /A 

O.OOOz (16) 


CI j 


A A/1 1 /'OA 

0.043 (z) 


a a/;o /'OA 
0.06/ (z) 


A ACC /OA 

0.055 (z) 


A A1 00 /1 OA 

O.Olzs (is) 


A AA/1 0/1 OA 

— 0.004o (1 /) 


A AA1 1 /1 OA 

—0.0011 (19) 


C24 


A AT n /1 OA 

0.033Z (IV) 


a nno /oa 
0.095 (3) 


A AO A /QA 

0.0 /0 (3) 


A A1 A /OA 

0.010 (2) 


AA110 /10A 

O.Ollz (lo) 


A AO/ /OA 

0.026 (z) 


C14 


A AO /OA 

0.0o3 (z) 


a A/i n /oa 
0.049 (z) 


A A/1 O /OA 

0.04/ (z) 


A AAO 0 / 1 OA 

0.0033 (1 /) 


A AAAO /1 OA 

— O.OOOo (1 /) 


A A 1 AO / 1 /A 
— 0.0102 (16) 


Ljj 


A A/1 A/1 /1 OA 

0.0404 (IV) 


n A/1 0 /OA 

0.04s (z) 


A AC/ /OA 

0.056 (z) 


A AAAO /1 /A 

— 0.000s (16) 


A AAIO /1 OA 

0.003V (1 /) 


A AAC/ /1 OA 

0.0056 (1 /) 


Cz 


A ACO /"2A 

O.OoV (3 ) 


n A/C /OA 

0.06 j (z) 


A A"70 /1A 
0.0 /Z (3) 


A AA/1 /OA 

—0.004 (z) 


A A 1 1 /OA 

—0.011 (z) 


A AO 1 /OA 

O.Ozl (z) 


P/1 

C4 


A ACO /OA 

O.OoV (3) 


A a/c /"OA 

0.06D (z) 


A ACO /OA 

0.05s (z) 


A AAC /OA 

0.005 (2) 


A AA1 /OA 

—0.001 (z) 


A A1 OA /1 OA 

0.01 /9 (19) 


C21 


A A/1 O /OA 

0.045 (z) 


A AT 1 /OA 

0.0/1 (z) 


A A AH /OA 

0.04 / (z) 


A AAAO / 1 OA 

0.009s (Is) 


A AA1 1 /1 OA 

0.003 1 (1 /) 


A AlOO /10A 

0.013s (Is) 


r^o 
C3 


A ATO /OA 
0.0/5 (3) 


A ACO /OA 
0.05Z (z) 


A ACO" /OA 
0.05 / (z) 


A AAC /OA 

—0.005 (z) 


A AA1 /OA 

—0.001 (z) 


A AAO /OA 

0.009 (z) 


p i 


A ac/; /OA 
0.006 (z) 


A AC A /OA 
0.0 30 (Z) 


A ACO /OA 

0.05Z (z) 


A AAO 1 /1 OA 

— O.OOzl (Is) 


A AA/1 O /1 OA 

— 0.004Z (lo) 


A AAOO /1 OA 

O.OOzz (Is) 


Pt/1 

U4 


a A/;/: /OA 

0.066 (z) 


A 1 O O /*} A 

O.lzz (3) 


A AOA /OA 

0.0s9 (2) 


A AO A A / 1 OA 

0.0244 (19) 


A A 1 C A / 1 OA 

— 0.01o4 (1 /) 


A AO OO / 1 OA 
0.03ZZ (19) 


C31 


A A/1 1 /OA 

0.041 (z) 


A A£ 1 /OA 

0.061 (z) 


n mo /oa 
0.0/3 (3) 


n nno 1 / 1 oa 

O.OOsl (Is) 


A AAAO /1 AA 

— O.OOVo (IV) 


n nno /oa 
0.008 (2) 


pd 
C9 


A A/1 1 /OA 

0.043 (z) 


a ncn /oa 
0.059 (z) 


n nc 1 /oa 
0.051 (Z) 


n nno o / 1 oa 
-0.00z / (1 /) 


A AA 11 / 1 OA 

—0.0011 (1 /) 


n nnno / 1 oa 
0.0003 (Is) 


r^o 
Co 


A A/1 0 /OA 
0.045 (Z) 


A A/1 T7 /I QA 

0.043 / (Is) 


A A/1 AO /1 OA 

0.0409 (Is) 


A nn/n /1 /A 
0.0069 (16) 


A AAO/; /1 £A 

—O.OOzo (lo) 


A AAOO /1 CA 

—0.00/3 (15) 


p 1 c 

C15 


A Am /OA 

0.097 (3) 


n n a c /OA 

0.045 (2) 


n n /i n /o A 

0.040 (2) 


n nnn /OA 

0.009 (2) 


A AAA /OA 

0.000 (2) 


A f\^\C t\ /1 OA 

—0.0059 (17) 


pn 
Clz 


A A/I O /OA 

0.04/ (z) 


n r\/z/z /oa 
0.066 (z) 


n nco /oa 
0.053 (z) 


A AAA/ / 1 OA 

—0.0006 (19) 


A AAC O / 1 OA 
0.0055 (1 /) 


n nn 1 o / 1 nA 
—0.00 Is (19) 


pc 
C5 


n nc 1 /oa 

0.051 (z) 


n nc 1 /oa 
0.051 (z) 


n nc c /oa 
0.055 (z) 


n nnoo /1 oa 
0.0039 (Is) 


n nnnc / 1 nA 
—0.0095 (19) 


n A1 1/1 /1 OA 

0.0114 (Is) 


pin 

ciy 


a i no //i a 
0. 105 (4) 


A A£ 1 /1A 

0.061 (3 ) 


A AOO /OA 

0.089 (3) 


A AAO /OA 

—0.003 (3) 


A AO/ /OA 

0.026 (3) 


A AAO /OA 

—0.003 (3) 


pin 
C20 


n noi /o \ 
0.08/ (3) 


A A AH /OA 

0.04 / (z) 


A A// /OA 

0.066 (3) 


A A 1 O /OA 

—0.013 (2) 


A AOO /OA 

O.Ozs (2) 


A A 1 C /OA 

—0.015 (z) 


PH 

CI / 


n i /n //a 
0.169 (6) 


A AC A {1 A 

0.054 (3) 


A A/1 "7 /OA 
0.04 / (3) 


A AAO /OA 

0.00/ (3) 


A A A A /OA 

0.004 (3) 


A AAC /OA 

0.005 (Z) 


p/ 
Co 


A AO/ /OA 
0.0 10 (3) 


A ACO /"2A 

0.05s (3) 


A AOO /OA 

O.Osz (3) 


A AAO /OA 

—0.003 (2) 


A AA/1 /OA 

0.004 (Z) 


A AAO /OA 

0.00s (z) 


C23 


0.046 (2) 


0.096 (3) 


0.054 (2) 


0.009 (2) 


0.0088 (18) 


0.030 (2) 


02 


0.0578 (19) 


0.124 (3) 


0.139(3) 


-0.0199(19) 


-0.039 (2) 


0.031 (2) 


06 


0.137 (3) 


0.066 (2) 


0.179 (4) 


-0.032 (2) 


0.025 (3) 


-0.014 (2) 


C27 


0.0312(19) 


0.082 (3) 


0.075 (3) 


0.0012(19) 


0.0035 (18) 


0.030 (2) 


C16 


0.143 (5) 


0.068 (3) 


0.062 (3) 


0.022 (3) 


-0.011 (3) 


-0.013 (2) 



Geometric parameters (A, ") 



Fe2— C5 1.779 (4) C22— C27 1.366 (4) 

Fe2— C4 1.783 (4) C22— C23 1.376 (5) 

Fe2— C6 1.786 (4) C22— C21 1.504(4) 

Fe2— S2 2.2530(9) C18— C19 1.350(6) 

Fe2— SI 2.2704(10) C18— C17 1.356 (7) 

Fe2— Fel 2.5198(7) C18— H18A 0.9300 
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Fel— C3 
Fel— C2 
Fel— CI 
Fel— S2 
Fel— SI 

52— C21 
S4— C29 
S4— C28 
SI— C7 

53— CI 5 
S3— C14 
N2— C28 
N2— C34 
Nl— C20 
Nl— C14 
01— CI 
05— C5 
C34— C29 
C34— C33 
C26— C25 
C26— C27 
C26— H26A 
CIO— C9 
CIO— Cll 
CIO— H10A 
Cll— C12 
Cll— C14 
C7— C8 
C7— H7A 
C7— H7B 
C25— C24 
C25— C28 



1.776 (4) 
1.790 (4) 
1.812 (4) 
2.2529(10) 
2.2638 (10) 
1.826 (3) 
1.731 (3) 
1.749 (3) 
1.845 (3) 
1.692 (4) 
1.733 (4) 
1.299 (4) 

1.390 (4) 
1.353 (5) 
1.364 (4) 
1.127 (4) 
1.131 (4) 

1.393 (4) 
1.396 (4) 

1.371 (4) 
1.378 (4) 
0.9300 
1.378 (4) 

1.391 (4) 
0.9300 

1.394 (5) 
1.473 (5) 
1.500 (4) 
0.9700 
0.9700 

1.372 (4) 
1.472 (4) 



C32— C33 
C32— C31 
C32— H32A 
C30— C31 
C30— C29 
C30— H30A 
03— C3 
C13— C12 
CI 3— C8 
C13— H13A 
C24— C23 
C24— H24A 
C33— H33A 
C2— 02 
C4— 04 
C21— H21A 
C21— H21B 
C31— H31A 
C9— C8 
C9— H9A 
CI 5— C20 
C15— C16 
C12— H12A 
CI 9— C20 
C19— H19A 
C17— C16 
C17— H17A 
C6— 06 
C23— H23A 
C27— H27A 
C16— H16A 



1.368 (4) 
1.392 (5) 
0.9300 

1.367 (5) 
1.386 (4) 
0.9300 
1.143 (4) 

1.368 (5) 
1.385 (4) 
0.9300 

1.369 (5) 
0.9300 
0.9300 
1.136(4) 
1.146(4) 
0.9700 
0.9700 
0.9300 
1.382 (4) 
0.9300 
1.403 (6) 
1.425 (5) 
0.9300 
1.394 (5) 
0.9300 
1.411 (7) 
0.9300 
1.143 (4) 
0.9300 
0.9300 
0.9300 



C5— Fe2— C4 
C5— Fe2— C6 
C4— Fe2— C6 
C5— Fe2— S2 
C4— Fe2— S2 
C6— Fe2— S2 
C5— Fe2— SI 
C4— Fe2— SI 
C6— Fe2— SI 
S2— Fe2— SI 
C5— Fe2— Fel 
C4— Fe2— Fel 
C6— Fe2— Fel 
S2— Fe2— Fel 
SI— Fe2— Fel 
C3— Fel— C2 



93.33 (16) 
97.07 (18) 
98.57 (18) 
92.10(11) 
160.24(12) 
99.59(14) 
155.33 (11) 
87.27 (12) 
107.23 (14) 
79.98 (3) 
100.12(11) 
104.31 (12) 
150.35 (14) 
56.00 (3) 
56.11 (3) 
89.66(19) 



C33— C32— H32A 
C31— C32— H32A 
C31— C30— C29 
C31— C30— H30A 
C29— C30— H30A 
C30— C29— C34 
C30— C29— S4 
C34— C29— S4 
N2— C28— C25 
N2— C28— S4 
C25— C28— S4 
CI 2— CI 3— C8 
C12— C13— H13A 
C8— CI 3— HI 3 A 
C23— C24— C25 
C23— C24— H24A 



119.5 

119.5 

117.9(3) 

121.1 

121.1 

121.3 (3) 

129.4 (3) 
109.3 (2) 
122.7 (3) 
115.6(2) 

121.7 (2) 

120.8 (3) 
119.6 
119.6 
121.1 (3) 
119.5 
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118.7 (3) 


pn p 0 p -7 

C9 — C8 — C7 


1 OA C ZO\ 

120.6 (3) 


C13 — C8 — C7 


120.7 (3) 


C20 — C15 — C16 


120.3 (4) 


POA P1 C CO 

C20 — C15 — S3 


1 1 A O /O \ 

110.2 (3) 


p - 1 P P1C CO 

C16 — C15 — b3 


1 OA A f A\ 

129.4 (4) 


C13 — C12 — Cll 


120.9 (3) 


1 O /"I 10 T T 1 O A 

Cl3 — Cl2 — H12A 


119.5 


P11 P10 TT10A 

Cll — C12 — H12A 


1 1 A C 

119.5 


05 — C5 — Fe2 


1 TO A /O \ 

178.0 (3) 


C18 — C19 — C20 


117.4 (5) 


P 1 O P 1 A T T 1 A A 

Cl8 — Cl9 — H19A 


121.3 


P O f\ P 1 f\ TT1 A I 

C20 — C19 — H19A 


121.3 


AT1 POA P1A 

Nl — C20 — C19 


10 1 O i A\ 

121.8 (4) 


AT1 POA P1 C 

Nl — C20 — C15 


117.4 (3) 


P 1 A POA P 1 C 

C19 — C20 — C15 


1 O A A i A\ 

120.9 (4) 


PIO PIT P1/" 

C18 — C17 — C16 


1 O A O PC\ 

120.3 (5) 


P 1 O P 1 T T T 1 T A 

Cl8 — C17 — H17A 


H9.9 


P 1 /" P 1 T T T 1 T A 

Cl6 — C17 — H17A 


H9.9 


06 — C6 — Fe2 


176.5 (4) 


C24— C23— C22 


121.4 (3) 


C24— C23— H23A 


H9.3 


C22— C23— H23A 


H9.3 


C22— C27— C26 


121.5 (3) 


C22— C27— H27A 


H9.2 


C26— C27— H27A 


H9.2 



Acta Cryst. (2012). E68, m330 



sup-7 



supplementary materials 



C19— C18— H18A 
C17— C18— H18A 
C33— C32— C31 



C5— Fe2- 
C4— Fe2- 
C6— Fe2- 
S2— Fe2- 

51— Fe2- 
C5— Fe2- 
C4— Fe2- 
C6— Fe2- 

52— Fe2- 

51— Fe2- 
C5— Fe2- 
C4— Fe2- 
C6— Fe2- 

52— Fe2- 
Sl— Fe2- 
C5— Fe2- 
C4— Fe2- 
C6— Fe2- 

51— Fe2- 
C5— Fe2- 
C4— Fe2- 
C6— Fe2- 

52— Fe2- 
C3— Fel- 
C2— Fel- 
Cl— Fel- 
Sl— Fel- 
Fe2— Fel- 
C3— Fel- 
C2— Fel- 
Cl— Fel- 
Sl— Fel- 
C5— Fe2- 
C4— Fe2- 
C6— Fe2- 
Sl— Fe2- 
Fel— Fe2- 
C5— Fe2- 
C4— Fe2- 
C6— Fe2- 

51— Fe2- 
C3— Fel- 
C2— Fel- 
Cl— Fel- 

52— Fel- 



-Fel— C3 
-Fel— C3 
-Fel— C3 
Fel— C3 
Fel— C3 
-Fel— C2 
-Fel— C2 
-Fel— C2 
Fel— C2 
Fel— C2 
-Fel— CI 
-Fel— CI 
-Fel— CI 
Fel— CI 
Fel— CI 
-Fel— S2 
-Fel— S2 
-Fel— S2 
Fel— S2 
-Fel— SI 
-Fel— SI 
-Fel— SI 
Fel— SI 
-S2— C21 
-S2— C21 
-S2— C21 
S2— C21 
-S2— C21 
-S2— Fe2 
-S2— Fe2 
-S2— Fe2 
■S2— Fe2 
-S2— C21 
-S2— C21 
-S2— C21 
■S2— C21 
-S2— C21 
-S2— Fel 
-S2— Fel 
-S2— Fel 
■S2— Fel 
-SI— C7 
-SI— C7 
-SI— C7 
SI— C7 



117.7 
117.7 
120.9 (3) 

1.59(18) 
-94.52 (19) 
126.1 (3) 
87.26 (14) 
-171.20(14) 
93.97 (18) 
-2.14(19) 
-141.5 (3) 
179.64(15) 
-78.81 (15) 
-131.0(3) 
132.9(3) 
-6.5 (4) 
-45.4 (2) 
56.2 (2) 
-85.67 (12) 
178.22 (13) 
38.8 (3) 
101.55 (4) 
172.78 (12) 
76.68 (13) 
-62.7 (3) 
-101.55 (4) 
6.63 (16) 
106.4 (4) 
-93.59(16) 
163.26 (12) 
107.37 (12) 
-100.74(12) 
-1.0(4) 
159.04 (12) 
55.89 (3) 
-8.34(18) 
-114.2 (4) 
89.20(19) 
-164.82(14) 
-109.14(14) 
100.80(11) 
-5.1 (4) 
-161.66(14) 
-55.69 (3) 
126.8 (4) 
-147.36 (18) 
-49.88 (18) 
49.56(13) 



C17— C16— C15 
C17— C16— H16A 
C15— C16— H16A 

C31— C30— C29— C34 
C31— C30— C29— S4 
N2— C34— C29— C30 
C33— C34— C29— C30 
N2— C34— C29— S4 
C33— C34— C29— S4 
C28— S4— C29— C30 
C28— S4— C29— C34 
C34— N2— C28— C25 
C34— N2— C28— S4 
C26— C25— C28— N2 
C24— C25— C28— N2 
C26— C25— C28— S4 
C24— C25— C28— S4 
C29— S4— C28— N2 
C29— S4— C28— C25 
C26— C25— C24— C23 
C28— C25— C24— C23 
C20— Nl— C14— Cll 
C20— Nl— C14— S3 
CIO— Cll— C14— Nl 
C12— Cll— C14— Nl 
CIO— Cll— C 14— S3 
C12— Cll— C14— S3 
CI 5— S3— CI 4— Nl 
CI 5— S3— CI 4— Cll 
C31— C32— C33— C34 
N2— C34— C33— C32 
C29— C34— C33— C32 
C27— C22— C21— S2 
C23— C22— C21— S2 
Fel— S2— C21— C22 
Fe2— S2— C21— C22 
C29— C30— C31— C32 
C33— C32— C31— C30 
Cll— CIO— C9— C8 
CIO— C9— C8— C13 
CIO— C9— C8— C7 
CI 2— CI 3— C8— C9 
CI 2— CI 3— C8— C7 
SI— C7— C8— C9 
SI— C7— C8— C13 
CI 4— S3— CI 5— C20 
CI 4— S3— CI 5— C16 
C8— C13— C12— Cll 



116.6(5) 

121.7 

121.7 

-0.3 (5) 
-178.2 (3) 
-177.8 (3) 
0.7 (5) 
0.5 (3) 
178.9(2) 

177.2 (3) 
-0.9 (2) 

176.6 (3) 
-1.1(3) 
-11.7 (5) 
173.1 (3) 
165.9 (3) 
-9.3 (5) 
1.2 (3) 
-176.5 (3) 
1.2 (6) 
176.5 (4) 
179.6(3) 
0.5 (3) 
174.9 (3) 
-7.7 (5) 
-6.1 (5) 

171.3 (3) 
-1.0 (3) 
179.9 (3) 
0.4 (5) 
177.6(3) 
-0.7 (5) 
-38.0 (4) 
139.9 (3) 
106.5 (2) 
-177.4(2) 
0.0 (5) 
-0.1 (6) 
-0.1 (5) 
1.2 (5) 
-176.8(3) 
-1.0(5) 
177.0 (3) 
-121.3 (3) 
60.7 (4) 
1.1 (3) 

179.7 (4) 
-0.2 (5) 
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F e2 — Fel — SI — C7 


1 AC AA / 1 1 \ 

105.09 (13) 


L3 — rel — SI — re2 


21.7 (3) 


/"<o y^i ci c^o 

L2 — rel — SI — re2 


1 AT C /I /1 OA 

107.54 (12) 


1 T7 ~ 1 C1 T7~0 

C 1 — r el — S 1 — r ez 


-154.97 (12) 


S2 — r e 1 — S 1 — r eZ 


— 55.54 (3) 


C5 — Fe2 — SI — C7 


-124.8 (3) 


C4 — F e2 — S 1 — C7 


143.13 (17) 


Co — r ez — S 1 — C7 


A A A A / 1 A\ 

44.99 (19) 


CO CO C 1 /~"7 

SZ — r eZ — S 1 — C / 


CO A1 /1 0\ 

— 5Z.03 (1Z) 


Fel — Fe2 — SI — C7 


1 AT A / 1 1\ 

-107.60 (12) 


C5 — Fe2 — SI — Fel 


-17.2 (3) 


f • 4 y^O C1 T7 _ 1 

L4 — rez — SI — rel 


1 AA TO /I 1\ 

-109.28 (13) 


Co — Fe2 — SI — Fel 


1 CO CA/1C\ 

152.59 (15) 


S2 — Fe2 — SI — Fel 


C C CH /O \ 

55.57 (3) 


C28 — N2 — C34 — C29 


0.4 (4) 


C28 — N2 — C34 — C33 


1 T7 A /O \ 

-177.9 (3) 


C9 — C 1 U — C 1 1 — C 1 z 


-1.1 (5) 


C9— CIO— Cll— C14 


176.4 (3) 


Fel— SI— C7— C8 


55.7(3) 


Fe2— SI— C7— C8 


129.9 (2) 


C27— C26— C25— C24 


-0.3 (6) 


C27— C26— C25— C28 


-175.7(3) 



C10— Cll— C12— C13 1.2(5) 

C14— Cll— C12— C13 -176.3 (3) 

C17— C18— C19— C20 0.2(7) 

C14— Nl— C20— C19 -179.5 (3) 

C14— Nl— C20— C15 0.4(4) 

C18— C19— C20— Nl 179.7(4) 

C18— C19— C20— C15 -0.2(6) 

C16— C15— C20— Nl -179.8(3) 

S3— C15— C20— Nl -1-1(4) 

CI 6— CI 5— C20— C19 0.1 (5) 

S3— C15— C20— C19 178.8(3) 

C19— C18— C17— C16 -0.1(8) 

C25— C24— C23— C22 -0.3 (6) 

C27— C22— C23— C24 -1.4(6) 

C21— C22— C23— C24 -179.5 (4) 

C23— C22— C27— C26 2.3 (6) 

C21— C22— C27— C26 -179.7 (3) 

C25— C26— C27— C22 -1.5 (6) 

C18— C17— C16— C15 -0.1(6) 

C20— CI 5— CI 6— C17 0.1 (5) 

S3— C15— C16— C17 -178.4(3) 
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